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 I. Introduction  /34. 1+0°  o 
   Not a few investigations have been  publi-
shed on the  ice-crystal nuclei, among which   4/  II 
                                                those on the artificial nuclei such as silverA „,. •                                                                                       0,1 
iodide have extensively developed in connection 
with the problem of rain making. There44 
seems, however, no detailed informations have of'0111                                                      °Akita °11°"' 
been published on the nature and origin of 
natural ice-crystal nuclei. So far as I am Japa* 
aware, only two studies were made on this   3?. 
subject.  I 
                                                                          mairaa.    KUMAI(3) studied the nuclei of snow cry -Y oa
g0raci fSeNdai stals by the electron-microscope and found  M
t.  lab-   Oceana' 
relatively large nuclei at the center of snow 
crystals, most of them being soil particles 
and others being lump of carbon particles, 
hygroscopic particles and fragments of micro-                                                               F
ig. 1 
organism. He also found many small 
"condensation nuclei" in the remainder of the Mt .  ZaO (fig. 1). On the last day of this 
crystals. operation he  could capture ice crystals on the 
   Using the cold chamber method SCHAE-  Tragers, the sample holders of  electron-
FER(63,  c7) investigated the nature of ice-crystal microscope, and studied the nuclei in them by 
nuclei and found that various kinds of natural using the electron-microscope and hydrogen 
dust particles such as volcanic dusts, minerals fluoride. As the result it was found that most 
and soils had rather high temperature  coeffi- of the nuclei were presumed to be soil particles 
cient, the warmest temperature at which those such as hematite and limonite etc.. 
particles were active ranging from -8 to -25°C. Taking the results obtained by KUMAI and 
He also found that combustion products were SCHAEFER into consideration it was concluded 
not active at temperatures above -39°C. that the most important natural ice-crystal 
   The author joined in the research  projecC) nuclei were soil particles and that the  corn-
of the artificial snow making of the  Tiihoku bustion products which are the most important 
Electric Power Co., which was carried out from condensation nuclei of water cloud and fog, 
March 3 to 8 in 1952 on a slope (1340 m) of were not active for ice crystal formation. 
    Present Adress, Geophysical Institute, Asahigawa  Branch,  HokkaidO  Gakugei  (Educational) University. 
    Asahigawa,  Hokkaidii.
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 2, Capture of Ice Crystals Table  I. 
   It was verydifficult tocaptureonly iceTimezir,Wind                                                        wet RH 
                                                                C R.H.Velocity crystals at a tempe atureabove-10°C . It ish mDirecti on,                                                                                             raisec
mainly due to the fact that the number of ice 2 00  -8.6  -8.7  98 
crystals contained in clouds was far less than 3 46  -8'7  -8.7 100 
          4 35 2.7 th
at of supercooled water droplets. When the   
temperature was higher than  -6° C few ice 
                                       3. Results of Observation by  Electron-Micro-
crystals were found in the clouds. 
 scope     H
owever, fortunately, considerable amount 
of ice crystals fell for six hours from 11  P. M. The nuclei were remained on the collodion 
of March 7. There was no clouds around the film of the Trager after the ice crystals had 
station of observation. The size of the crystals evaporated. Before the observation by electron-
was from 100 to 250 /1 and all of them were microscope the  Tragers were put into a small 
somewhat round column-like form with one chamber of constant humidity  (5) as shown in 
end  pointed.  fig- 2 (a). A sheet of filter paper soaked with 
                                 d    As the activity of ice-crystal nuclei dependsdistilled water was placed on the floor of the
                                       chamber so that the air in the chamber was onthetemperature, it is important to know 
the temperature at which these ice crystals kept saturated with water vapor. The ice-
were formed. KAMPE  etc.") found by the crystal nuclei put in the chamber, however, did 
cold chamber experiment that column type icenot increase their size, indicating that they 
crystals were formed at a temperature eitherwere non-hygroscopic. 
below -20 °C or above -10 °C. From the The form and size of these nuclei were 
record of radio sounding at Sendai it was found then studied by the electron-microscope. 
                               T that at 12  P.  M. of March 7 there was a layer ofTypical electron-microphotographs of the nuclei 
altostratus cloud at an altitude of about 2500m,are shown in photos. (1), (3), (4), (5), (7), 
where the air temperature was -9.4-10 °C.(9) and (11) at the end of the paper. 
                                                                                                                                                                                                                                                                                                                             • Therefore it will be reasonable to suppose thatPhotos.  (1), (3) and (4).Some particles 
the ice crystals were formed at a temperature                                             show regular crystal form, having inter-
                            of about -10 °C.facial angle of about 60°. The form of
                                                 o    At fi
rst the author tried to capture theother particles is  irregular, but these 
                                          particles also have straight edges and freelyfalling ice crystals directly on the collo- 
                                             sharp corners peculiar to crystals. As 
dion  film on the  Trager,  but it was prevented 
many of them have light image they are b
y the wind. Therefore he collected the ice 
crystals in a shallow glass  vessel. When the 
layer of ice crystals became about 2 mm in 
thickness, the collodion film was attached to 
the surface of the layer,bywhich thecrystalsF  Pe  F 
were adhered to the collodion film. The form 
and size of ice crystals were observed by(a)  (b) 
the optical-microscope. The weather condi-                                                                 Fig. 2. Apparatus. 
tions during the observation are shown inT : Trager D : Deck glass 
 0 : Optical microscope t
able 1, in which the relative humidity is that F  : Filter paper 
with respect to ice, HF : Hydrogen fluoride
                                                                                                                                                                                                               
• 
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   presumed to be the thin plates. From the in (8), which were found in the compound 
   above results it is supposed that most ground of the  Tahoku University. As the 
   of these nuclei are hexagonal platelike fibrous substance reacted with hydrogen 
   crystals.  KUMAI also have found crystals fluoride it is presumed to be a silicate . 
   of the same form as that described here. Photo . (9).  ••• A group of  small particles, in 
       To examine whether these nuclei were which many circular particles are contained. 
   silicate or not, following experiment was This nucleus looks like the alluvial soil 
   done. The  Trägers were put into a particles in the rice field as shown in (10), 
   sealed glass vessel shown in fig. 2 (b), Hydrogen fluoride test indicated that this 
   inner wall of the vessel being coated with nucleus is not also a silicate. 
   paraffin to prevent from the corrosion by Photo. (11).  •-• The nucleus is composed of a 
   hydrogen flouride. In the vessel the con- large particle and spotted substance around 
   centrated solution of hydrogen flouride was it . The form of the nucleus  is similar to 
   introduced so as the vapor of hydrogen that of soil particles of acid earth shown
   fluoride to react with silicate and dissolve in (12) . 
   it. After 6 minutes, the Tragers were There were only two nuclei similar in form 
   brought out of the vessel and the nuclei to the combustion particles, which were studied 
   were again observed by the electron- by the author  etc .(5) last year. In the present 
   microscope. One example is shown in (2), observation,  KUMA1's so-called "condensation 
   in which the spots which cover the film nuclei" with  diameters of  0.01-1  u were not 
   are considered to be the condensates of found . 
   some kind of vapor which is produced by The size distribution of the nuclei is shown 
   the rection of hydrogen  fluoride with the in table 2. As the nuclei have no definite form, 
   substance deposited on the other part of the largest diameter and the diameter in the 
  the  Trager. direction perpendicular to the former of each 
      By comparing (2) with (1) it is found nucleus were measured and their average value 
   that the nuclei did not react with hydrogen was taken as the size of the nucleus. 
   fluoride. Under the same condition as the Table 2. 
  nuclei, kaolinite particles, one of the silicate  -                                           Type of\Size<0.5 1 1.5 2 2.5 3.5<    crystalsof hexagonalplate form,were  nucleus(1.1.) 
  perfectly dissolved by hydrogen fluoride.  5.5                                             (1) (3)(4) 25  154 2612 6 2--8 .5p....1    Therefore it is apparent that the nuclei are   
 not silicates. (5) 1 1  1 1 4135 uls...1  
Photo. (5).  ••- A nucleus with irregular form (7)  1   1 
  and deep black image. Hydrogen fluoride  (9) 3 
   test indicated that it was not a silicate .   --
           (11) 1    The microphotograph of the same nucleus 
  after the test is shown inCo(6),••in whichpambustion 2            particles  
   spots are also seen as in (2). 
Photo. (7). ••- The nucleus is composed of4. Origin of Ice-Crystal  Nuclei 
 several particles and fibrous substance As is well known, combustion products, 
   around them, the diameter of the latter sea-salt particles and natural dusts are the 
   being 14  it. This fibrous substance is most common aerosols in the natural  atmo-- 
   similar in form to the clay minerals shown  sphere,C4) Since the observation described above
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indicated that  ice-crystal nuclei are  non-hydro-  KUMAI found that the  snow crystal nuclei 
scopic, it is clear that they are not sea-salt ranged in size between 0.5 to 8  /L, therefore 
particles. Last year the author  etc.c5) studied his result is in fairly good agreement with ours 
the combustion products by the electron- (table 2). Since most of the condensation 
microscope, finding that hygroscopic combus- nuclei of clouds and fogs are in the size range 
tion particles are the most important condensa-  it,o) it is clear that generally ice-crystal 
tion nuclei of clouds and fogs. They also nuclei are larger than cloud and fog nuclei. 
studied non-hygroscopic combustion particles A question will arise whether large  parti-
in the air, finding that many of them had cir-  cies with diameter of about 14  it can be floa-
cular or chainlike form, which do not resem- ting at a high altitude of about 2500 m. 
ble to the nuclei shown in the present paper. However, transcontinental flight made by  CRO-
Therefore it is apparent that these ice-crystal ZIER  etc.(1) showed that about 10,000 particles 
nuclei are not combustion products. There were having a diameter from 14 to 30  i were con-
two nuclei which were thought to be combus-  tained in one cubic meter of the air. 
tion products, but they might be captured by It may happen that some soil particles 
ice crystals during the fall of the ice crystals. were captured by ice crystals during the  fail of 
   As most of the ice-crystal nuclei are the ice crystals or fell directly into the glass
neither sea-salt particles nor combustion par- vessel and then were collected on  collodion film 
 tides it  will be natural to consider them as together with the ice crystals. However, as 
some kinds of dust particles. Soil particles are the air contains many kinds of aerosols such 
the most common dust particles and are con- as combustion particles as well as soil particles, 
sisted of many kinds of small mineral particles it is unlikely that only soil particles were 
with or without crystal form. Most of them captured by the ice crystals. In addition, as 
are silicates, but considerable amount of oxide the large area of the ground around the station 
and hydroxide which do not react with hydro- of the observation was covered with snow it is 
gen fluoride are also contained in the  soil, also unlikely that only soil particles fell into 
Therefore it is presumed that the nuclei shown the vessel. As stated before few combustion 
in (1), (3) and  (4) are hematite which is the particles were captured on the collodion film, 
crystal of hexagonal plate type and that the therefore the number of soil particles captured 
nucleus with irregular form shown in (5) is through the above two processes will be also 
limonite. Both are the most common minerals very small. 
of the soil. Since the nuclei shown in (7), (9) The soil contains so many kinds of minerals 
and (11) have similar form to soil particles that it is not easy to decide what kinds of 
shown in (8), (10) and (12) respectively, they them are most active for ice-crystal formation. 
are also presumed to be some kinds of soil Although the present author presumed that 
 particles, hematite and limonite are active at temper-
   From the results above and those obtained atures near  -10D C. it is requested to be 
by KUMAI and SCHAEFER mentioned in the verified experimentally by the cold chamber 
introduction it may be concluded that most of etc.. 
the ice-crystal nuclei observed by the author 
are the soil particles. Although combustion 5.  Acknowledgments 
products are the most effective condensation The author expresses his thanks to Dr. S. 
nuclei of clouds and fogs, they will as well as  OGIWARA and Dr. K. OMORI of the  TOhoku 
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